A chilles tendinopathy (AT) is a clinical syndrome characterized by pain, swelling, and impaired function. 41 It is the most common cause of posterior heel pain, and runners have the greatest risk of developing AT with a prevalence of 11% to 18%. 16, 23, 36 Whereas runners represent the group most likely to develop AT, it can also occur in other athletes and sedentary individuals. 21, 22 Achilles tendinopathy is typically classified as either insertional or midportion based on the location of pain. Insertional AT causes pain at or near the point where the Achilles tendon attaches to the posterior calcaneus, while midportion AT causes pain 2 to 7 cm proximal to the calcaneal attachment. 41 Insertional AT is responsible for between 20% and 25% of cases. 8, 13, 19 Eccentric exercise is the most recommended conservative treatment in the management of AT. 1, 23, 29, 30, 39, 40 The outcomes after treatment with eccentric exercise have varied significantly between insertional and midportion AT. For midportion AT, success rates have ranged from 56% to 89%. 9, 33 For insertional AT, the results have been significantly less favorable with success rates between 28% and 32%. 9, 32 Because of the poor outcomes associated with insertional AT and eccentric exercise, a modified eccentric protocol that eliminated loading into dorsiflexion was developed. 18 In 1 study with no control group, a 67% success rate was reported. 18 Soft tissue mobilization is a recommended treatment in the management of tendinopathies, though there is limited evidence supporting this approach. 11, 20, 28 Astym (Performance Dynamics) is a specialized soft tissue treatment that utilizes handheld instruments to transfer pressure and shear stress to underlying soft tissue. 7 Astym treatment may induce regeneration and remodeling of soft tissue through activation of fibroblasts by means of the endogenous release of cellular mediators and growth factors. 35 Increased fibroblast recruitment and activation as well as the production of fibronectin have followed Astym treatment in rat tendons, but this has not been studied in humans. 6, 12, 34 As soft tissue treatment (Astym) and eccentric exercise both appear to effect tendon healing, it seems possible that the combination of the 2 treatments may result in better outcomes than eccentric exercise alone. 24, 25 A recent randomized controlled trial reported that Astym therapy, stretching, and eccentric exercise were more effective than stretching and eccentric exercise alone for subjects with lateral elbow tendinopathy. 35 Therefore, the purpose of this study was to compare the outcomes between eccentric exercise only and eccentric exercise plus soft tissue treatment (Astym) for subjects with insertional AT.
Methods
This study was approved by the institutional review boards at Rocky Mountain University of Health Professions and Indiana University Health Ball Memorial Hospital. All subjects signed an informed consent form prior to participation, and the rights of all subjects were protected. The study was registered at clinicaltrials.gov (NCT01988155).
Subjects
Sixteen subjects older than 18 years with insertional AT participated in this study. The following were the inclusion criteria: diagnosis of insertional AT with a primary complaint of posterior heel pain, symptom duration of at least 6 weeks, and a VISA-A score of ≤78. Insertional AT was clinically determined by the primary investigator (J.R.M.) using the following criteria: pain at or within 2 cm of the posterior calcaneal insertion of the Achilles tendon along with localized tenderness and a subjective report of decreased activity levels secondary to Achilles pain. 9, 32 Exclusion criteria were: prior treatment with eccentric exercise or Astym for AT, anticoagulant medication, previous Achilles surgery on the involved side, bilateral symptoms, workers' compensation or liability cases, peripheral neuropathy, pregnancy, lumbar radiculopathy, and inability to complete the required outcomes forms or comply with the recommended treatment regimen.
Prior to the start of subject recruitment, an individual not involved with the study used a random number generator to assign subjects to a treatment group. Group assignments were then placed in sequentially numbered and sealed opaque envelopes. An envelope was opened only once the corresponding subject agreed to enter the study.
Outcomes
The primary outcome was the Victorian Institute of Sport Assessment Achilles-Specific Questionnaire (VISA-A). 31 The VISA-A is a self-administered questionnaire used to evaluate the severity of AT. It has previously been shown to be valid, reliable, and clinically relevant.
14,31 VISA-A scores can range from 0 to 100, with higher scores considered better.
The secondary outcome was a self-administered 3-part numeric pain rating scale (NPRS). Subjects were asked to indicate their "worst pain" and "best pain" in the previous 24 hours in addition to their "current pain." The average of all 3 was utilized as a subject's score. The NPRS has been shown to be valid and reliable for individuals with musculoskeletal conditions. 2, 17, 26, 37 A 15-point Global Rating of Change scale (GROC) 15 questionnaire was completed by subjects at the 12-week follow-up period. Subjects with scores of +5 or higher were considered to have experienced a successful outcome. [3] [4] [5] 27, 38 Procedures Baseline and demographic data including age, sex, duration of symptoms, height, weight, smoking status, presence of diabetes mellitus, and heel lift usage were collected. Initial scores on the NPRS and VISA-A were recorded at the first visit. Follow-up outcomes were obtained at 4, 8, and 12 weeks after initiation of treatment for the short-term portion of the study. Long-term outcomes were obtained at 26 and 52 weeks after the initiation of treatment. Subjects were given the option to complete and return their outcomes by mail or to come to the clinic to complete them in person.
Interventions
Subjects in both groups were instructed to perform the modified eccentric protocol (Figure 1) . 18 Subjects performed 3 sets of 15 repetitions per session and performed 2 sessions per day for a total of 12 weeks. In the event that a subject was unable to complete 3 sets of 15 repetitions, the subject was instructed to start with a lower number of repetitions and/or sets (a minimum of 2 sets of 10) and progress to the full amount as able. Subjects in both groups were instructed to avoid activities such as running for at least the first 4 weeks of treatment, but they could resume activities as tolerated after 4 weeks.
In addition to performing the eccentric protocol, subjects in the soft tissue treatment (Astym) group were seen in the clinic 2 times per week for 12 visits. Soft tissue treatment (Astym) was performed per the foot, ankle, and knee protocol. 34 During each treatment session, a progression of instruments with decreasing areas of surface contact was used (Figures 2 and 3) . 10, 34 Each treatment session lasted approximately 20 to 30 minutes.
To control for the effect of regular contact with a therapist, subjects in the control group were contacted by telephone once per week to discuss their progress with the program, encourage compliance, and address any questions.
Statistical Analysis
For the purpose of a power analysis, the smallest reported minimal clinically important difference (MCID) on the VISA-A of 12 points 14 was selected to be the minimum between-group difference that would be considered significant. For subjects with insertional AT, the standard deviation in VISA-A scores after completion of an eccentric exercise program was 12 points. 32 An a priori power calculation using an alpha of 0.05, an effect size index of 1.0, and power of 0.90 was performed, and a total sample size of 12 was recommended.
Statistical analyses were performed using SPSS Version 22.0 (IBM). Independent t tests (or chi-square tests for independence in the case of dichotomous data) were used to compare groups at baseline. Mixed-model (4 × 2) analyses of variance (ANOVAs) were used to analyze short-term VISA-A and NPRS scores. Correlation testing (Pearson for continuous variables and point-biserial for dichotomous variables) was performed to determine whether sex, body mass index, age, heel lift usage, or the presence of diabetes mellitus were significantly correlated with any of the dependent variables. The percentage of subjects in each group who achieved at least 1 MCID improvement on the VISA-A at 12 weeks and the percentage of subjects in each group who achieved a successful outcome at 12 weeks were compared using chi-square tests for independence. Additional mixed-model (3 × 2) ANOVAs, using 12 weeks as the baseline, were used to analyze long-term VISA-A and NPRS scores.
Results

Short-term Outcomes
Both groups were considered similar at baseline (Table 1) . A total of 16 subjects were enrolled, and 15 subjects completed the short-term portion of the study (Figure 4) . One subject was excluded from the study immediately after enrollment because he had previously received Astym for an earlier episode of AT. Of the remaining 15 subjects, 14 completed their outcomes at all of the required time points and were included in the final analysis. One subject in the exercise group completed only the baseline and 12-week outcomes so his or her data could not be included in the final ANOVA. However, an intention to treat analysis (ITT) was performed using the multiple imputation method for missing data in a separate ANOVA. None of the baseline criteria were significantly correlated with baseline to 12-week change scores on the VISA-A or NPRS. No adverse effects were noted in either group.
Victorian Institute of Sport Assessment Achilles-Specific Questionnaire
There was a significant interaction effect with greater improvements (P = 0.02) seen in the soft tissue treatment (Astym) group on the VISA-A ( Figure 5 ). The ITT analysis yielded similar results. A significantly greater (P = 0.01) number of subjects in the soft tissue treatment (Astym) group (7/7, 100%) achieved at least 1 MCID improvement on the VISA-A at 12 weeks compared with the exercise group (3/8, 38%). For subjects receiving soft tissue treatment (Astym) and eccentric exercise, the number needed to treat (NNT) to prevent 1 subject from not achieving at least 1 MCID improvement was 2.
Numeric Pain Rating Scale
A significant main effect (P = 0.03) of time was found ( Figure  6 ), but the between-group difference was not significant. The ITT analysis yielded similar results.
Global Rating of Change
A significantly greater (P = 0.03) number of subjects in the soft tissue treatment (Astym) group (7/7, 100%) achieved a successful outcome at 12 weeks compared with the exercise group (4/8, 50%). For subjects receiving soft tissue treatment (Astym) and eccentric exercise, the NNT to prevent 1 subject from not achieving a successful outcome was 2.
Long-term Outcomes
At the 26-and 52-week follow-up periods, 12 subjects completed all of the required outcomes and were included in the final analyses. All 15 subjects provided at least partial data for the long-term follow-up periods and were included in the ITT analyses.
Victorian Institute of Sport Assessment Achilles-Specific Questionnaire A significant main effect for group was found (P < 0.01) in favor of the soft tissue treatment (Astym) group (Table 2 ). The ITT analysis yielded similar results.
Numeric Pain Rating Scale
A significant main effect of time (P = 0.03) was found (Table 3) , but the between-group difference was not significant. The ITT analysis yielded similar results.
Additional Care
There was no significant difference (P = 0.53) in the number of subjects who sought additional care after completion of the 12-week study intervention phase. In the exercise group, 1 of 8 
discussion
In the current study, soft tissue treatment (Astym) plus eccentric exercise was more effective than eccentric exercise at decreasing the severity of AT over a 12-week period, and these differences were maintained at 26-and 52-week follow-up periods. Additionally, a significantly greater number of subjects in the soft tissue treatment (Astym) group obtained a successful outcome. Both groups experienced a statistically significant decrease in pain over the course of the study, but the difference between groups was not statistically significant. These results seem to indicate that soft tissue treatment (Astym) plus eccentric exercise is an effective treatment in the management of insertional AT. One possible explanation for the small difference in NPRS scores despite the large difference in VISA-A scores is that the subjects in the exercise-only group were generally less physically active at the study follow-up points. This is a reasonable assumption based on final VISA-A scores. With this in mind, it is plausible that subjects in the exercise-only group may have been avoiding aggravating activities, thus making their final NPRS scores artificially lower when compared with the more active soft tissue treatment (Astym) group.
There are some limitations to the current study that should be considered. First, the sample size was relatively small. While the study was adequately powered for the primary outcome, a larger sample size with multiple treatment sites could improve the generalizability of the results. A second limitation is the difference in contact with a therapist between the 2 groups. The soft tissue treatment (Astym) group was seen in the clinic for up to 12 sessions while subjects in the exercise-only group met with a therapist 1 to 4 times. The potential effect was minimized by contacting subjects in the exercise group 1 time per week by phone. It should also be considered that the eccentric exercise program is commonly performed as a home program only, and subjects in the exercise group actually received more contact than a typical patient receiving this intervention would.
conclusion
Over a 12-week treatment period, soft tissue treatment (Astym) combined with eccentric exercise resulted in better outcomes than eccentric exercise alone for subjects with insertional AT. This difference was maintained at both 26-and 52-week followups. Both groups experienced a statistically significant decrease in pain over the course of the study, but the difference between groups was not statistically significant. 
